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INTRO DUCT ION 
Sunnners in the northern Great Plains area are normally 
characterized by a hot, dry period extending from approximately early 
J':11Y to l·ate August� During this time pasture production across South 
Dakota decreases sharply. This is due largely to the reduced 
production of cool-season grasses which comprise a large portion of 
the grassland vegetation. With pasture constituting nearly 3 of 
every 5 hectares in the state, the effect is economically important. 
One method cu�rently used on many production units to overcome 
this decrease in carrying capacity is to plant sudangrass [Sorghum 
bicolor (L.) Moench] for annual supplemental pasture. The costs 
and risks of yearly establishment are a major shortcoming of this 
practice. Another alterna�ive that has received much attention in the 
last few years is to use the native, tall-growing, warm-season grasses 
for a perennial supplemental pasture. Switchgrass (Panicum virgatum 
L. ) has potential in this capacity, �owever, information is needed 
about effective harvesting techniques to use on it. 
LITERATURE REVIEW 
Newell and Keim (1947) determined the effect of mowing frequency 
on the yield and protein content of five cool-season and warm-:season 
grasses including switchgrass (Panicum virgatum L.). From 1939 
through 1943, switchgrass was harvested at a 3-inch stubble under two 
techniques: 1) to determine maximum hay yield> and 2) to simulate 
gra zing. Clipping under the one-cut regime for maximum hay yield 
occurred between July 24 and September 5, depending on the year. 
Yields ranged from 2870 lb/acre in 1939 to 340 lb/acre in 1940 and 
averaged 1 820 lb/acre. Percent of stand remaining decreased steadily 
from 91% in 1939 to 5 2% in 1943. 
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Under the simulated grazing regime, switchgrass was cut three 
times in 1939 and two time� the remaining 4 years at varying intervals 
between mid-June and late August. Yields ranged from 2440 lb/acre 
in 1939 to 300 lb/acre in 1943 and averaged 980 lb/acre, 46% less than 
the hay regime. Percent stand remaining decreased steadily from 92% 
in 1939 to 34% in 1943. Protein content of the hay harvest averaged 
9.3% compared with 12.9% for the simulated grazing yields over the 
4-year period. However, the hay treatment averaged 121 lb/acre of 
protein per year compared with 84 lb/acre under the simulated grazing 
regime. 
Neiland and Curtis (1956) felt that the rapid decline in switch-
grass production after it was cut occurred because all plant stems 
elongated during the season leaving few basal shoots or foliage. 
Clipping or grazing these elongated stems removed all stem apices 
along with the accompanyi.ng photosyntbetic tis sue. The remaining 
photosynthetic tissue was not adequate to develop lateral s hoots 
for regrowth or carbohydrate storage. 
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Research was conducted in north-central Oklahoma by Dwyer, Elder, 
and Singh (1963) over a 6-year period. Pure stands of switchgrass 
were clipped at 2-inch and 4-inch heights as follows: 1) annually in 
late January; 2) annually in-mid-July; 3) twice, early July and early 
September (60-day interval); 4) four times, early June, July, August, 
and September (30-day intervals). Switchgrass stands were invaded by 
other gras s es so that yield results were not valid. Full stands were 
decreased to 20.8 and 0. 0% switchgras s. The latter occurred under the 
2-inch, 60-day i:iteYval while the 20. 8�� ";:3.s !:..-i�c= the 4-ir..ch, .::.rn:�al 
cutting in January, the dormant season for the grass. Under each 
cutting interval the 4-inch stubble height maintained a better stand 
than the accompanying 2-inch treatment. 
Dwyer and Elder (1964) compared the yields of 'Caddo' s witchgras s 
and 'Woodward' sand bluestem (Andropogon hallii Hack.) under a 
continuous grazing regime. In .1961, they grazed an 8-acre pasture of 
switchgras s  from May 28 to October 15 using five, 2-year-old heifers. 
They pastured four heifers on sand bluestem for the same period. 
Animal gains per acre were 88 lb for. the sand bluestem and 76 lb for 
the switchgras s. Switchgras s quality became a limiting factor 
starting in mid-August resulting in substantially reduced gains during 
this period. In 1962, both gras ses were utilized by five, 2-year-old 
heifers from May 14 to October 1. Sand bluestem yielded 111 lb of 
animal gain per acre compared with 70 lb for switchgrass which was 
again characterized by the low quality. Seven yearling s teers were 
used on each pasture from May 3 to October 1 in 1963, and gains were 
175 lb/acre for the sand bluestem and 172 lb/acre for switchgrass. 
Gain per acre on switchgrass was maintained during 1963 by heavier 
utilization which improved the qual.ity and yielded more vegetative 
growth later in the season. _Nineteen percent more of the switchgrass 
herbage was used. However, this heavier continuous usage resulted in 
a stand reduction of switchgrass. 
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Heidemann and.Van Riper (1967) conducted in vitro studies with 
'Nebraska 28' switchgrass at Lincoln, Nebraska to determine the 
axillary bud activity of its rhizome, crown, and stem buds throughout 
the growing season. The bud activity seemed to be cyclic, moving up 
from the rhizome and crown areas in late April and early May into the 
stem until floral initiation. This event occurred in late June at 
which time the activity reversed its direction and moved down into the 
crown and eventually the rhizome area. The in vitro results did not 
always coincide with field observations, but these investigators 
indicated that switchgrass should be grazed prior to floral initiation 
or from late May to early June in Nebraska. This recommendation, 
based largely on their in vitro results, would enable plants to 
produce new palatable lateral shoots from axillary buds on the stems· 
and therefore more forage. 
Newell (1968a) used switchgrass production obtained with a 
clipping regime that simulated intensive grazing as a selection 
differential between strains being considered for variety improvement. 
Beginning in mid- to late June half-plots were clipped to a 5-inch. 
height at 3-week intervals and their yields compared with adjacent 
half-plots harvested at optimum stages for hay and aftermath. 
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Frequent harvesting proved to be a severe treatment, noticeably 
slowing the spring growth the following year. A 2-year average across 
strains and locations showed-a 3. 3 metric ton/ha yield for the 
frequently clipped plots. This was only 33% of the yield taken as hay 
and aftermath. 
Chemical analyses were also determined for switchgrass entries. 
Newell (1968b) concluded that the more frequent cutting yielded a 
better quality fore.ge rdth a higl!er cr'..lde p:.-otcin percent.:;.gs than the 
one harvest at maturity. 
In work carried out by Sims, Ayuko, and Hyder (1971) in eastern 
Colorado, switchgrass was clipped once at a height of 3 cm to complete 
a sequence of 11 weekly harvests beginning May 29. They established 
that the inflorescences did not elevate above ground until mid-June 
and their removal terminated sh�ot growth, but it also stimulated 
new tiller growth from axillary buds. Rhizome activity was also 
altered by mowing. Instead of remaining underground to start new 
growth the following season, rhizomes turned upward after mowing and 
produced aerial shoots. If the main inflorescence of the plant was 
removed by the clipping, these shoots went dormant, if not ,  they 
produced seed heads. 
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Sims et al. (1971) also established growth curves for some of the 
plant characteristics and determined that floral differentiation 
occurred in early July. Two weeks after this the culms of the 
vegetativ� shoots began to elongate and attained an average maximum 
length of 18 cm by August 18. 
Summarization of this literature seems to reinforce the 
conclusions of Neiland and Curtis (1956) . ·Stands are_ depleted rapidly 
when swi t chgrass is put under a severe clipping regime and are even 
hurt by infrequent cutting, such as that conducted by Dwyer et al. 
(1963) . However, all harvests have been at short stubble heights 
ranging from 3 to 10 cm. The effect of leaving more photosynthetic 
tissue as stubble has not been evaluated. 
The recommendation made by Heidemann and Van Riper (1967) to 
graze swi tchgrass prior to floral initiation to generate regrowth is 
supported by the observations made by Sims et al. (1971) on regrowth 
activity. Based on their data, it would seem best to utilize switch­
grass early for increased palatability , crude protein -content ,  and 
regrowth. However, Newell (1968a) reported a lower total yield when 
switchgrass was harvested early and more frequently than when 
harvested at optimum stages for hay. Therefore , it seems unresolved 
as to when grazing or harvesting of switchgrass should be initiated. 
MATERIALS AND METHODS 
Objectives 
The purpose of this study was to determine the effects of 
1) plant growth stage at the time of initial harvest, 2) stubble 
height, and 3) frequency of harvesting on switchgrass herbage yields 
and carbohydrate reserves. 
Location 
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The research site was located on the Sou th Dakota State University 
Dairy Research Unit, 1 km north of Brookings. Climatological data 
were gathered at the Agronomy Research Farm, 3.2 km southeast of the 
experimental site . Average annual precipitation over the years 
1893-1965 was 52 cm of which 80% or 41 . 6  cm occurred during the April 
to September period. Average annual temperature is 6 C .  Monthly 
air temperature and precipitation data for the research period are 
presented in Tables 1 and 2. 
Soil 
The soil is described as a Vienna loam with level to very gently 
sloping topography. Soil analyses gathered each fall showed the 
following information for the 1970 to 1972 period: organic matter, 
3. 3 to 3.9%; phosphorus, 70 to 155 kg/ha ; potassium, 450 to 653 kg/ha; 
and pH, 7.3 to 8. 0. 
Stand 
'Summer' switchgrass was seeded in a 5.2 ha field in Jtme, 1969 as 
part of the dairy herd pasture system . During the seeding year, it was 
Table 1. Monthly mean air tempe_l"atures and __ departures from normal at Brookings. 
1971 1972 
Month Mean Departure Mean Departure 
---------------�-------------------- F------------------------�-------------------
January 5. 7 -7. 9 5. 1 -8. S 
February 14. 5 -3. 1 8. 4 -9. 2 
March 27. 6 -1. 6 2 7. !� -1. 8 
April 45.0 -0. 2 39 . 5  -5. 7 
May 52. 9 -4. 7 5 7 . 5  -0. 1 
I 
June 68. 6 1. 5 64. 7 I -2. 4 
July 65. 9 -7. 3 6 7. 2 -6. 0 
August 68. 6 -2. 6 67. 7 -3. 5 
September 57. 7 -3. 6 56 . 6 -4. 7 
October 48. 7 -0. 8 42.4 -7 . 1  
November 30. 4 ""."1. .2 29. 8 -1. 8 
December 14. 1 -5. 5 12. 0 -7 . 6  
Year 41. 6 -3.1 39. 9 -4. 8 
00 
Table 2. Monthly total precipitation and departures from normal at Brookings .  
1971 1972 
Month Total Departure Total D_eparture 
----------------------------------inches------------------------------------------
January Trace -0. 36 0 .19 -0.17 
February 0.40 -0.07 0.06 -0.41 
March 0.25 -0. 72 . 0. 94 -0.03 
April 1.56 -0.21 . 1. 84 0.07 
May 1. 13 .-1.66 9.27 6. 48 
I 
June 5.16 1. 21 2.61 I -1.34 
July 1. 13 -1. 02 5. 75 3. 60 
August 3.00 0.03 1. 75 -1.22 
Sep tember 0. 88 -1.15 2. 02 -0.01 
Oct ober 3.62 2.40 1. 87 0.65 
November . 2.08 .1. 38 1.06 0. 36 
December 0. 34 -0. 14 0. 59 0. 1 1  
Year 19. 55 �0.31 27. 95 8.09 
'° 
allowed to establish with occasional clipping to remove weed 
competition. In 1970 the pasture was moderately grazed. The stand 
was evaluated as being full and uniform at the initiation of this 
research. 
Management 
Fertilizer was applied on June 1, 1971 and May 31, 1972 at the 
rate of 72 kg/ha of elemental nitrogen. On May 28 and June 12, 1971, 
0 . 83 kg/ha active ingredient of 2, 4-D [ (2, 4-dichlorophenoxy) acetic 
acidJ amine was applied to the experimental area for broadleaf weed 
control. A similar application was made on May 17, 1972. 
Design 
The experimental design was a split-split plot with three 
replications. Growth stage at the time of initial harvest was the 
whole plot factor with the cutting stages being : 1) vegetative, 
2) late jointing, and 3) 100% headed. Stubble height was applied 
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to the first split at levels of 6. 4 cm and 25. 4 cm. rpe second split 
treatment, frequency of cutting after the initial harvest, had levels 
of 14 days and 28 days. Each subsub plot was 1. 5 by 10. 7 m with the 
lengthwise axis being perpendicular to the switchgrass drill rows. 
Herbage Harvesting and Processing 
All forage was harvested with a 1.6 m flail chopper equipped · 
with a manual height adjustment. The machine was adjusted for 6. 4 cm 
and all plots to be cut at that height were harvested. It was then 
set for 25. 4 cm to cut the remaining treatments. H�rbage was 
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collected in a burlap bag held at the end of a spout extension. This 
galvanized stovepipe extension enabled an individual to carry the bag 
while walking behind the chopper. 
Initial harvests for 1971 were taken on June 17, when the grass 
) 
was at 40. 6 cm of vegetative growth ("growing points" at 5.1 to 8. 3 cm 
with < 2 5% below 6. 4 cm) ,  July 9 at the late jointing stage, and 
August 12 when the stand was -100% headed. . "Headed" was defined as 
having any part of the panicle exposed above the flag leaf. At this 
stage there were numerous small tillers visible at the base of the 
plants. These were considered new growth and therefore not included 
in our classification. 
or 28 
days with the exception of the 14 day treatment initially cut at the 
100% headed stage. In this case, regrowth at the end of 14 days was 
visually evaluated as being zero. These plots were harvested only at 
a 28 day interval. 
Residual herbage was harvested on June 13, 1972, _in t he same 
manner as the previous year with the exception of stubble height. 
Height of cut was 12. 7 cm and all plots were harvested at this height, 
regardless of their 1971 treatment. 
For all herbage harvests, each plot sample was weighed to the 
nearest 45 g and then subsampled. These subsamples were dried to 
constant weight in a forced-air drier at 50-55 C. All herbage samples 
were ground in a Wiley mill through a 1 mm screen and stored in 
sealed glass bottles at room temperature for later analysis. 
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Crude Protein Analysis 
Herbage s amp les for all 1971 and 1972 harvests were analyzed for 
nitrogen. Nitrogen was determined on dry (70 C) s amples by the 
Kjeldahl method as outlined by the Association of Official 
Agricultural Chemists (1965). The nitrogen percentage was multiplied 
by the factor 6 . 25 to obtain crude protein. Replicates were analyzed 
separately; no composite samples were made. Crude protein composition 
data are expressed on a dry matter basis (70 C) . 
Crown Collection and Processing 
On the morning of May 10, 1972, two separate s amp les of plant 
crown were collected from each of the 36 plots. These samples were 
dug with a tiling spade and each approximated 103 s q  cm of soil surf ace. 
The samples were washed tho.roughly with cold water and the s tubble 
trimmed to a length of 3 cm. All samples were dried in a forced-air 
oven for 48 hr at 70 C. Following the drying period, branch roots 
were removed from each p lant leaving only the stubble, crown area, 
and rhizomes. Prior to grinding they were redried for
-
1 2  hours in a 
forced-air oven at 70 C. Each sample was then ground in a Wiley mill 
through a 10 mesh s creen and again through a 30 mesh s creen. They 
were collected in glass bottles which were placed in the oven at 70 c 
for 2 hours prior to being capped. 
Carbohydrate Analysis 
The analys is for total available carbohydrates was carried out 
in the laboratory of Dr. C. J. Nelson,_ Professor of Agronomy, 
University of Missouri, Columbia. The methods used were those 
292551 SOUTH DAKOTA STATE UNJVERSITY LIBRARY 
outlined by Raguse and Smith (19 65) and Smith (19 69 ) using the 
takadiastase enzyme "Clarase 9 00" to remove the carbohydrates. 
Modifications to the methods were given by Dr. Nelson as follows: 
'.' • . •  extract the sample first with room temperature 80% 
(v/v) ethanol to remove the sucrose and reducing sugars • •  
• •  The 300 mg samples were extracted with 25 ml of 80% 
ethanol in a 125 ml Erlenmeyer flas k for one hour with 
mechanical shaking. The extract was filtered through 
Whatman 40 paper and the residue thoroughly washed with 
80% ethanol. The residue was then quantitatively 
transferred to another 125 ml Erlenmeyer and carried 
through the modified Weinmann method as described by 
Smith to remove the starch and short-chain oligosaccharides 
(only fractions remaining) [for subsequent treatment with 
the takadiastase enzyme]. The ethanol, containing the 
sucrose and reduc.ing sugars, was
· carefully evaporated on 
a warm plate (with fan blowing over the tops of the 100 
ml beakers) until the ethanol had completely evaporated 
and about 10 ml of water remained:. Water was added 
occaslunally to keep the sample £rom going to dryness 
during the evaporation process. The aqueous sample was 
made to 100 ml volume. 
An aliquot (usual.ly 10 ml) was removed and analyzed 
directly according to Smith's Analysis for Reducing 
Power. This indicated the amount of monosaccharides 
(glucose and fructose) in solution. 
For sucrose analysis another aliquot (us.ually 5 ml) 
was removed, 5 ml of 0.2 N HzH04 added to make the 
solution 0 .1 N and placed in a boiling water bath for 
15 minutes. This hydrolyzed the sucrose to glucose and 
· fructose. The sample was neutralized with N aOH and then 
analyzed for reducing power as above. The increase in 
• • d II reducing power was cons i aere sucrose. 
13 
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RESULTS 
Seasonal Dry Matter Production 
The dry matter production for 1971 is tabulated for each harvest 
in Table 3. Due to the effect of some treatments, certain values do 
not reflect pure switchgrass yields. Green foxtail (Setaria virdis L. ) 
infested some plots with the �mount of infestation being estimated 
visually b y  the two principal investigators. The greatest invasion 
occurred in those treatments initially harvested at the vegetative 
stage of growth. Under this treatment, height of stubble had the 
greatest influence on foxtail reduction. Plots harvested at the 6.4 cm 
stubble height averaged 74% green foxtail compared with 8% for those 
harvested at 25.4 cm. 
Seasonal dry matter treatment means for 1971 are presented in 
Table 4. Analysis of variance revealed that all main effects were 
highly significant (Appendix Table I).  However , a · significant inter­
action was noted between growth stage at initial harvest and stubble 
height. Explanation of this interaction illustrated in Figure 1 is 
more relevant than noting the significance of the main effect influence 
on total variation. 
Plots harvested at 6.4 cm out�ielded those cut at 25.4 cm 
regardless of growth stage at initial harvest (Figure 1) .  Delaying 
the initial harvest increased seasonal dry matter production for both 
stubble heights. Point x1 
is the production from plots initially 
harvested when vegetative at a 6.4 cm stubb le height as averaged 
across both harvesting frequencies. Some foxtail contamination is 
Table 3. D:;:y matter Eroduction for each harvest in 197l. 
Treatment Date of harvest 
Growth Stubble Cut t ing June Ju�r August SeEt· 
s tage height freguency 17 24 1 8 15 22 29 5 12 19 26 2 9 Total 
--cm--- --days--- ----------------------------------kg/ha--------------------------------· 
Vegetative 6.4 14 1491 1054 562 423 222 454 252 4459+ 
28 1413 3446 468 1201 6528+ 
25.4 14 334 1943 690 162 101 186 - 116 3532 
28 328 4374 214 209 5125 
Late 6.4 14 6660 50 50 1'24 150 7034 
jointing 
28 6546 96 354 6996 
25.4 14 4052 140 96 76 104 4468 
28 3964 235 258 4456 
100% 6.4 14 9642 0 220 9863 
headed 
28 9440 186 9626 
25.4 14 6548 ·O 124 6673 
28 6184 124 6308 
+Estimated weed contamination was 90% of dry matter yield after July 23. Weed-free dry matter 
production would be 2027 kg/ha. 
+Es timated weed contamination was 58% of dry mat t er yield af ter July 23. Weed-free dry matter 
production would be 5559 kg/ha . � V1 
Table 4. Seasonal dry matter producti on treatment means for 1971. 
Growth stage at initial harvest 
Treatment Vegetative Late jointing 100% headed Mean 
-------------------------------kg/h a-----------�-------------------
Growth stage 4911 5739 8117 6256 
Stubble height 
cm 
6.4 5494 7015 9744 7418 
25.4 4329 4462 6490 5094 
Cutting f reguency 
days 
14 3996 5751 8268 6005 
28 5827 5726 7967 6507 
Stubble height x cutting freguenc� 
cm days 
6.4 14 4459 7034 9863 7119 
28 6528 6996 9626 7717 
25.4 14 3532 4468 6673 4891 
28 5125 4456 6308 5297 
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VEGETATIVE LATE JOINTING 100% HEADED 
STAGE OF GROWTH 
Figure 1. Seasonal dry matter production, 1971. Growth stage at
· 
initial harvest x stubble height interaction. 
therefore reflected in this average yield as noted earlier. If this 
point was adjusted to pure switchgrass herbage the x1, Y1 
line would 
have a steeper slope. The differential response causing the 
significant stage x stubble height interaction is that between the 
first and second levels of the initial harvest stage. 
The slight increase in production between x2 and Y2 
of Figure 
1 as compared to x
1 
.and Y1 can best be explained by referring to 
Table 3. The June 17 harvests taken at the 25. 4 cm stubble height 
yielded an average of 331 kg/ha of switchgrass for the 14 and 28 day 
cutting frequencies. Cutting at this stubble height did not remove 
the "growing points" from the plants ("growing points" at 5.1 to 
8. 3 -CE). Reharvc3 ting a.ft er 14 day3 cr.1. July l reli1oved a. large 
percentage of "growing points" ("growing points" at 24. 1 to 26.7 cm) 
and yielded 1943 kg/ha of "stem bud" regrowth originating from the 
"growing points". The small percentage of these plants still having 
"growing points" on July 15 yielded the majority of the 690 kg/ha 
harvested on that date with the remaining coming mostly from "crown 
18 
bud" regrowth evident early in the growing season. Plots reharvested 
on July 15 after a 28 day rest period showed a substantial "stem bud" 
regrowth of 43 74 kg/ha. Comparison of this figure with the yields of 
4052 and 3964 kg/ha initially taken at 25.4 cm and the late jointing 
stage indicates the similarity in actual management that these three· 
treatments received to this date due to removal of the majority of 
"growing points" on July 1, 8 or 15. 
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There was also a significant interaction between growth stage at 
initial harvest and cutting frequency (Appendix Table I). This 
interaction is shown graphically in Figure 2. The apparent difference 
in response is in the yields from plots initially harvested at the 
vegetative stage. Reference to Table 3 indicates that the "growing 
point" location was again responsible for the differential at this 
level. Row totals 4459 and 3532 were averaged for the lower point at 
3396 kg/ha with 6528 and 5125 averaged for the other at 5827 kg/ha. 
In addition to the large second harvest yield (4374·kg/ha) from plots 
cut initially when vegetative at a 25.4 cm stubble height and a 2 8  
day regrowth period, the effect has been added o f  the plots treated 
:::imila�ly, but cut at tha 6. 4 cm stubble he:ig�J.t (3446 kg/ha). The 
initial harvest of these plots on June 17 removed "growing points" 
from approximately 10% of the plants, as explained previously. 
"Stem bud" regrowth from the remaining 90% of the plants produced 
the large second harvest. One more factor attributing to this 
differential is the foxtail yield which accounted for an estimated 
58% of the last two harvests (468 and 1201 kg/ha) from the latter 
treatment. Adjusting for this factor would reduce their seasonal 
dry matter production from 6528 kg/ha to 5559 kg/ha. 
Figure. 2 also indicates that there was no practical difference 
between the seasonal dry matter yield from plots cut every 14 days 
and those cut every 28 days if the initial harvest was delayed until 
the late jointing stage. Reference to Table 3 shows the regrowth for 
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Figure 2. Seasonal dry matter production, 1971. Growth stage at 
initial harvest x cutting frequency interaction. 
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these plots amounts to only a small p'ortion of the seasonal yield and 
is relatively unaltered by more frequent cutting. 
On June 13, 1972, one harvest was made to determine what effects 
management techniques used the previous year had on yield. Green 
foxtail infestations caused by some of the treatments used in 1971 
were again beginning to express themselves, so this harvest was made 
at a stubble height of 12. 7 cm. This permitted a pure switchgrass 
yield to be obtained. Treatment means of these yields are shown in 
Table 5. The analysis of variance for this data (Appendix Table I) 
indicated a highly significant interaction between growth stage at 
initial harvest and stubble height. Figure 3 illustrates this 
interaction and also the �istinct difference between the residual 
yields from plots cut at 6.4 cm and those cut at the 25. 4 cm stubble 
height in 1971. The latter treatment substantially outyielded the 
former regardless of when the initial harvest in 1971 was taken. 
As the 1971 initial harvest was delayed under the 6.4 cm stubble 
height regime, the 1972 yield was increased. This increase was most 
evident between the late jointing and 100% headed stage where the 
yield increased from 315 to 1278 kg/ha for a 4-fold gain. 
Plots harvested in 1971 at a 25.4 cm stubble height and initially 
cut at the late jointing stage were highest in residual dry matter 
yield. Unlike the production from the plots cut at the 6.4 cm stubble 
height in 1971, the residual yield decreased when the initial harvest 
the preceding year was delayed from late jointing to the 100% headed 
stage. 
Table 5. Residual dry matter production treatment means for 1972. 
Growth sta.ge at initial harvest 
Treatment Vegetative Late jointing 100% headed Mean 
--�----------------------------kg/ha-------------------------------
Growth st age 1206 1434 1691 1444 
Stubble height 
cm 
6.4 95 315 1278 - 562 
25.4 2318 2553 2104 2325 
Cutting f reguency 
days 
14 1141 1355 1681 1392 
28 1271 1513 1701 1495 
Stubbl� height x cutting freguency 
cm days 
6. 4 . 14 28 236 1255 506 
28 i62 393 1301 619 
25. 4 14 2255 2474 2107. 2279 
28 2380 2632 2102 2371 
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Figure 3. Residual dry matter production, 1972." Growth stage at 
initial harvest x stubble height interaction. 
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The analysis of variance in Appendix Table I also indicates that 
the 1971 cutting frequency had a significant influence on the 1972· 
residual dry matter yields. The plots harvested every 28 days in 1971 
outyielded those cut every 14 days in 5 of the 6 combinations of 
stubble height and stage at initial harvest, but by margins too small 
to be of practical importance (Table 5). 
Seasonal Crude Protein Production 
Yields of crude protein and protein percentages are tabulated 
by harvest in Tables 6 and 7 with treatment means shown in Table 8. 
The 1971 seasonal crude protein yield decreased as the initial harvest 
date was delayed. This is a reversal of the seasonal dry matter 
prod�ction for the same year (Table 4) , however, weed infestations of 
plots initially harvested when vegetative at a 6.4 cm stubble height 
and reharvested every 14 or 28 days influenced yields. Adjustments 
similar to those made for the seasonal dry matter production have 
been made in Table 6. 
Analyses of variance were not calculated on protein percentages, 
but Table 7 reveals some noticeable and expected differences. 
Percent protein for first harvests decreased steadily from a high of 
18.9% for herbage initially cut at 40.6 cm of vegetative growth and 
a 25.4 cm stubble height to 5. 5% for plots initially harvested at the 
100% headed stage and a 6.4 cm stubble height. Regrowth forage was 
relatively high in protein ranging from 9.9% to 18.8% (from a plot 
containing foxtail) , with the exception of the second harvest from 
Table 6. Crude Qrotein Qroduction for each harvest in 1971. 
Treatment Date of harvest 
Growth Stubble Cutting June Julv August SeEt· 
stage height f reguency 17 24 1 8 15 22 29 5 12 19 26 2 9 Total 
--cm--- --d ays--- ----------------------------------kg/ha--------------------------------
Vegetative 6.4 14 213 172 95 80 38 79 44 720+ 
28 197 464 79 203 9 4J:t: 
25.4 14 63 275 92 23 15 24 - 14 505 
28 62 521 23 24 630 
� 
Late 6.4 14 626 5 6 J.9 . 20 676 
jointing 
28 602 12 44 658 
25.4 14 453 14 10 10 12 499 
28 428 24 30 481 
100% 6. 4 14 535 0 30 565 
headed 
28 5 5 4  26 579 
25.4 14 459 0 8 468 
28 436 9 445 
Estimated weed contaminati.on was 90% of dry matter yield after July 23. Weed -fre·e crude protein 
production would be 503 kg/ha . 
:1=Es timated weed .contamination was 58% of dry matter yield after July 23. Weed-free crude p rotein N 
production would be 779 kg/ha . lJ1 
Table 7. Crude protein percentage for each harvest in 1971. 
Treatment Date of harvest 
Growth Stubb�e Cutting June July August Sept. 
stage ___ height frequency 17 24 1 8 15 22 29 5 12 · 19 26 2 9 
--cm--- --days--- -------------------------------------%-------------------------�----
Vegetative 6. 4 
25. 4 
Late 6. 4 
ointing 
25. 4 
. 100% 6. 4 
headed 
25.4 
14 
28 
14 
28 
14 
28 
14 
28 
14 
28 
14 
28 
14. 3 16. 3 
14. 0 
18. 9 14. 1 
18. 9 
9. 4 
9. 2 
11. 2 
10. 8 
-
16.9 18. 8 17. 2 17. 4 17. 5 
13. 5 16. 6 16. 9 
13.4 14 . 1 14.2 12. 9 11.9 
11.9 10. 7 11. 7 
9. 9 12. 4 15. � 12. 8 
12. 3 12. 5 
9. 9 10. 1 13. 4 11. 1 
10. 0 12. 2 
5. 5 - 13.4 
5. 9 13. 7 
7.0 - 6. 8 
7. 1 6. 8 
N 
°' 
Table 8. Seasonal crude protein production treatment means for 1971. 
Growth stage at initial harvest 
Treatment Vegetative Late jointing 100% headed Mean 
--.-----------------------------kg/ha-----------------------·-_: _ _ _ _ _  _ 
Growth stage 700 578 514 597 
Stubble height 
cm 
6.4 832 667 572 690 
25.4 568 490 456 505 
Cutting freguency 
days 
14 613 587 5 17 572 
28 787 570 512 623 
Stubble height x cutting freguency 
cm days 
6. 4 14 720 676 565 654 
28 943 658 579 727 
25. 4 14 505 499 468 491 
28 630 481 445 519 
N 
"' 
plots· initially harvested at the 100% headed stage and a 25 . 4 cm 
stubble height. These plots averaged 6 . 8% protein • 
28 
. The analysis of variance for the 1971 seasonal crude protein 
yield shown in Appendix Table I reveals a significant interaction 
between growth stage at initial harvest and stubble height. Figure 4 
illustrates that plots harvested at 6 . 4  cm of stubble height outyielded 
those under the 25 . 4  cm regime by a substa�tial margin . regardless of 
when the initial harvest was taken. Reference to Figure 1 indicates 
that this would be expected because of the yield differential 
between stubble heights. 
The analysis of variance shown in Appendix Table I also indicates 
there w<ts a highly signi fi ca!lt interacti on be tween growth s t 2ge at 
initial harvest and cutting frequency. This interaction is shown in 
Figure 5 .  Weed adj ustment for yields from plots initially harvested 
when vegetative merely lowers both points about 100 kg/ha. The reason 
for the large differential at the vegetative stage is again the 
allowance of the "growing points" to have 2 8  more days _ to express 
themselves (Table 6) . 
Crude protein yields for the residual harvest in 1972 are 
tabulated by treatment means in Table 9 and the analysis of variance 
in Appendix . Table I. There was a highly significant interaction 
between growth stage at initial harvest and stubble height (Figure 6) 
that is graphically similar to the same interaction in the residual 
. dry matter yields (Figure 3). Plots harvested at a 25 . 4  cm stubble 
height also produce d the most protein . 
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initial harvest x cutting frequency interaction. 
Table 9. Residual crude :erotein Eroduction treatment me ans and Eercentages for 19 72. 
Growth stage at ini t ial h arvest 
Treatment Vegetative Late j ointin� 100% headed 
kg /ha % kg/ha % kg /ha % 
Growth sta� 19 4 228 2 84 
Stubb le height 
cm 
6 . 4  18 5 7 224 
25 . 4  3 70 399 345 
Cutting freguency 
days 
14 185 216 283 
28 202 240 285 
Stubble height x cutting freguency 
cm days 
6 .  4 . 14 5 19 . 6 43 18. 5 2 20 17 . 6  
28 30 19 . 1  71 1 8 . 1 22 7 17 . 5 
25.4 14 ' 365 16.2 389 15 . 7 346 . 16.4 
28 374 15 . 7 409 15 . 5  344 16 . 3  
Mean 
kg /ha 
235 
100 
371 
228 
243 
9 0  
110 
36 7 
376 
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Figure 6 .  Residual crude protein production, 1972 . Growth stage at 
initial harves t  x stubb le heigh� inte raction. 
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The cutting frequency maintained : in 1971 had only small influence 
on the 1972 residual crude protein. The 28 day f requency averaged . 
243 kg/ha compared with 228 kg/ha for the 14 day period (Table 9) . 
Residual Total Available Carbohydrates 
Samples containing the crown area and rhi zomes were dug from each 
plot before visible growth was initiated in spring 1972. These samples 
were analyzed for total available carbohydrates and the results were 
tabulated b y  treatment in Table 10. Analysis of variance is shown in 
Appendix T able I. Treatment means were similar for the three growth 
stages at initial harvest. However, variations due to different 
stubble heights maintained in 1971 produced a highly significant main 
effect and &.1 interaction between growth s tage at initial harve s t  and 
stubble height (Figure 7 ) .  Maintaining a 25. 4 cm stubble produced 
a higher percentage of total available carbohydrates than did the 
6 .4 cm height . This was especially true for those plots initially 
harvested at 40. 6 cm of vegetative growth and the late j ointing stage 
-. 
in 1971. There was a small increase within each stubb I� height when 
harvesting w as delayed until the· late j ointing stage. However , 
delaying until 100% headed, produced a different response between 
�tubble heights. The 6.4 cm plots increased from 7. 7 to 9. 6% while 
the 25. 4 cm samples decreased from 14 � 7  to . 11. 7%. 
Allowing 28 days of regrowth between harvests in 1971 
significantly increased residual total available carbohydrates. 
The 28 day frequency averaged 11. 4% versus 10. 4% for the 14 day 
cutting frequency (Table 10) .  
Table 10. Res idual total availab le carbohydrate percent age treatment me ans for 1972. 
Growth stage at initial h arvest 
Treatment Vegetative Late j ointing 100% headed Mean 
- - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - -% - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - . 
Growth s t a� 10. 8 11.2 10. 6 10 .9 
Stubble height 
cm 
6.4 7.2 7.7 9.6 8.2 
25.4 14.5 14. 7 11. 7 13.6 
Cutting f reguency 
days 
14 9. 7 10.6 10. 7 10.4 
28 12.0 1 1. 8 10.5 11.4 
Stubb le height x cutting freguency 
cm days 
6. 4 . 14 5.4 7. 2 9. 7 7 . 4 
28 9 . 1 8.2 9. 4 8.9 
25.4 14 14.1 14.0 11 . 8 ·  1 3 . 3 
28 14.9 15.5 11. 5 14.0 
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DISCUS SION 
Dwyer, Elder , and Singh (1963) indicated that switchgrass stands 
were invaded by other grasses. Weed invasion was a problem in this 
present experiment when the initial harvest was taken early at 40 . 6  
cm of vegetative growth. Maintaining a 25.4 cm stubble height reduced 
the weed contamination of the stand from 74 to 8%. Delaying the 
initial harvest until the late j ointing stage or later decreased the 
weeds to less than 4%. 
Neiland and Curtis (1956) felt that removal of stem apices after 
elongation would decrease subsequent growth. Regrowth occurring 
after the "growing points" were removed was minimal in this research 
supporting their statement. 
The regrowth capabilities eluded to by Dwyer and Elder (1964) and 
Heidemann and Van Riper (1967) were not seen under any management 
technique incorporated iri the present experiment. The vegetative 
regrowth noted late in the season by Sims et al. (1971) was also 
observed, however, it was not of sufficient magnitude to be of 
economic importance. 
Newell (1968a) stated that frequent cuttings slowed spring 
growth the following year. In the present experiment, the residual 
dry matter yield mean was 1495 kg/ha for the 28 day frequency 
compared with 1392 kg/ha for the 14 day cuttings. 
Dwyer and Elder ( 1964) and Newell (1968b) felt heavier 
utilization increased the quality of switchgrass. Results of the 
present study substantiate this in terms of percent protein. 
Heavier utilization or , harvesting at the 6. 4 cm s tubble height in 
1971, produced higher pro tein percentages and yields , however , part 
of th�s increase was from lush weed growth as explained earlier. 
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S tubble heights of 10.2 cm maintained bet ter s tands than 5. 1 cm 
heights according t� Dwyer, Elder, and Singh (1963) . Measurements of 
total available carbohydrates were used in the present experiment as 
an indicator of stand persistence. The 25 •. 4 cm stubble height 
resulted in higher to tal available carbohydrate percent.ages than the 
6. 4 cm regime for all three initial harvest stages (Figure 7) . A 
similar relationship is· shown in Figure 3 for the 1972 residual dry 
matter yields and for the 1972 crude protein yields (Figure 6) because 
of their dependc�ce c� dry ��ttcr p roduc t i on .  In each graph the 23 . 4  
cm line declines between the last two harvest stages ; contrasted by an 
incline of the 6.4 cm line. The amount of photosynthetic tissue 
remaining after harvesting could be the explanation of this relation­
ship. Neiland and Cur tis (1956) mentioned the impo
.
rtance of this factor 
in regrowt h  ability . In this research , harves ts taken at 25 . 4  cm and 
initiated a t  the earliest two stages left plants 19 cm more green 
stubble than those cut at 6. 4 cm. This is almost 3 times as much 
photosynthesi zing area per plant which could possibly account for the 
large differential between the two lines at the first two harvest 
s tages. When the initial harvest was delayed until 100% headed , 
however , the plants 1) had used up pho tosynthates to produce an 
inflorescence and 2) had a very desiccated , mature s tubble unable to 
produce as much reserve for translocation to the roots. The 25. 4 cm 
stubble did , however, still produce more than the 6 . 4  cm stubble. 
38 
The present research indicates definite management recommendations 
to be used with switchgrass. Maj or obj ectives in managing a 
perennial grass are obtaining acceptable dry matter yields that are 
high in quality while maintaining a stand. Based on the management 
techniques used in this experi-ment, the results indicate that these 
obj ectives can best be met by using the following management system : 
Begin grazing at the late j ointing stage and graze continuously leaving 
a minimum stubble height of approximately 25.4 cm. The grazing 
period will probably not extend longer than 45-60 days in this 
geographic area b ecause of herbage maturi ty. 
This regime withstood weed infestation satisfactorily , produced 
the highest residual dry matter yields (Figure 3), protein yields 
(Figure 6) , and total available carbohydrate percentages (Figure 7) . 
In this research, these three factors are the most indicative of the 
grass ' s  ability to maintain a stand. At the same time > this regime 
produced a reasonable compromis� in 1971 production of dry matter 
(Figure 1 ) , and protein (Figure 4) . 
SUMMARY 
In 1971, at Brookings, South Dakota, switchgrass was initially 
harvested 1) when vegetative growth was 40.6 cm high, 2) at the late 
jointing stage, and 3) at 100% headed. A stubble height of either 
6 . 4 or 25 . 4 cm was maintained, and plots were reharvested every 14 
or 28 days. 
Dry matter and crude protein yields were determined in 1971 . 
Residual total available carbohydrate percentages were obtained 
before visible growth began in 1972. Residual dry matter and crude 
protein yields were obtained from one cutting height in 1972 . 
The cutting regime initiated at 40.6 cm of vegetative growth 
39 
and at a stubble height of 6 . 4  cm produced green foxtail infestations 
averaging 90% of the stand. Plots harvested at 6.4 en produced more 
dry matter in 1971 than those maintained at the 25. 4 cm stubble height 
regardless of growth stage at initial harvest. Delaying the initial 
harvest increased these yields for both stubble heights. There was 
no practical difference between the 14 and 2 8  day regimes in dry 
matter yield when the initial harvest was delayed until the late 
jointing s tage. 
Residual dry matter production in 1972 was sub stantially higher 
for plots cut at a 25 . 4  cm stubble height than from those cut at 6.4 cm 
regardless of when the initial harvest was taken in 1971. However, 
delaying this harvest for the 6.4 cm stubble height plots increased 
the 1972 residual yield. Highest residual dry matter yields were from 
plots initially harvested at late j ointing and the 25 . 4 . cm stubble 
height . Harvesting every 28 days generally produced slightly higher 
residual yields. 
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The 19 71 seasonal crude protein yield decreased as the initial 
harvest was delayed. Plots harvested at 6 . 4  cm outyielded those under 
the 25 . 4  cm regime regardless of stage of growth at initial harves t .  
Residual crude protein yields were highest from the plots cut a t  a 
25.4 cm stubble height in 1971
_ 
at any of the three stages of initial 
harvest . Cutting frequency had practically no influence on res idual 
crude protein yields. 
Residual total available carbohydrate percentages were highest 
when a 25.4 cm stubble height was maintained regardless of initial 
h a!'ves t .  Dsl.::yi;lg th is haives t li1:'1 til thE: 100% l:t8aded s t age , increaseci 
the percent age under the 6. 4 cm regime . It decreased for plots 
harvested after the late joi·nting stage at .the 25.4 cm stubble height . 
Allowing 28 days for regrowth in 1971 significantly inc reased 
residual total available carbohydrate percentages. · 
It is recommended to begin grazing at the late j ointing stage 
and graze continuously leaving a minimum stubble height of approximately 
25. 4 cm . Herbage maturity will probably limit the graz ing period to · 
45- 60 days in this geographic area. 
41 
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Appendix Table I. Analyses of variance for dry matter yields , crude protein yields , and total 
available carbohydrate (TAC) percentages as influenced by three growth stages at initial harvest 
_(A) , two st ubble hei�hts (B) , an d two cutting freguencies ( C) . 
Mean sq uares 
Dry matter yields Crude £rotein yields TAC Percent ages 
Source of Degrees of 19 71 19 72 19 7 1  19 72 19 72 
variat ion freedom Seasonal Residual Seasonal Res idual Res i dual 
Rep licates 2 14 79 711 . 0 3  9 5 6 7 . 8 7 2 5 250 . 2 1* 15 4 . 33 0 . 4 6 
S tage , A 2 332 42 336 . 41** 7060 7 8 . 12** 10 6 5 6 4 . 9 !1c* 250 3 3 . 60** 1 . 16 
Error (A) 4 2 2 12 34 . 7 7 2 104 . 20 14 1 8 .  9 0  1 85 . 0 5 1 .  8 7  
Height , . B 1 4860 39 10 . 8 7** 2 79 5 9 6 80 . 1 7 ** 309 39 2 .  0 2** 6 6 :)69 7.  5 7 ** 2 6 7 . 10 ** 
AB 2 339 0 9 6 1 . 4 3** 19 7229 7 . 59 ** 16 559 . 09 *  5 116 1 .  6 4** 2 5 . 29**  
Error (B )  6 1 315 70 . 88 4 79 5 . 6 7 19 6 8 .  6 4  1 89 .  73 1 . 10 
Frequency , C 1 2 2 6  7 1 80 . 01** 9 5 0 2 3 .- 21*  2 30 41 . 19 ** 186 7 .  39 * 10 . 15 * 
· Ac 2 40 3200 3 .  75 ** 15 720 . 2 3 3435 4 . 74** 369 . 2 5 4 . 6 0 
BC 1 83705 . 9 4 9 0 6 . 11 449 6 . 14 2 81 .  34 1 . 40 
ABC 2 49 5 69 . 44 5 9 2 . 10 1 845 . 29 1 2 . 5 8 2 . 34 
Error ( C) 12 49 7 84 . 9 2 10 6 5 4 . 88 2113 . 24 310 . 39 2 . 0 8  
Total 35 
*Values are significant at the P < 0 .  05 level . ,"*Values are si gnificant at the P < 0 .  0 1  level . .i::--
N 
